Pimecrolimus 1% cream is an effective, non-corticosteroid, topical antiinflammatory treatment for atopic dermatitis (AD). The aim of this article was to review published clinical data that have examined how pimecrolimus can address the medical needs of AD patients. Clinical studies have demonstrated that early treatment with pimecrolimus decreases the progression to disease flares, rapidly improves pruritus and significantly enhances quality of life. Patients find the formulation easy to apply, which may result in improved adherence with the treatment regimen. Pimecrolimus, in contrast to topical corticosteroids (TCSs), does not induce skin atrophy or epidermal barrier dysfunction and is highly effective for the treatment of AD in sensitive skin areas. Furthermore, pimecrolimus reduces the incidence of skin infections compared with TCSs and is not associated with other TCS-related side effects such as striae, telangiectasia and hypothalamic-pituitary-adrenal axis suppression. An additional benefit of pimecrolimus is its substantial steroid sparing effect. On the basis of these data, a new treatment algorithm for patients with mild-to-moderate AD is proposed in which pimecrolimus is recommended as a first line therapy for patients with established mild AD at the first signs and symptoms of disease. Pimecrolimus is also recommended for mild-to-moderate AD after initial treatment with a TCS. After resolution of lesions, maintenance treatment with pimecrolimus may effectively prevent subsequent disease flares. In conclusion, the clinical profile of pimecrolimus suggests that it may be considered the drug of choice for the treatment of mild-tomoderate AD in children as well as adults and particularly in sensitive skin areas.
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irritants and allergens into the skin [4, 7, 8] . Furthermore, recent research has indicated that the diversity in the skin microbial flora (i.e., the microbiome) is significantly decreased in affected skin areas of AD patients compared with controls and that changes in microbial diversity occur during disease flares which are dependent on previous AD treatments [9] . Since AD is a chronic and relapsing disease, a multi-faceted, long-term, clinical management approach is required. The therapeutic objectives should be to reduce the signs and symptoms of disease, such as eczema and pruritus, to repair the altered epidermal barrier and to improve QoL. Furthermore, treatments should aim to address the underlying immune dysfunction, which may prevent progression to disease flares and prolong remission periods [4, 7, 10] . Timely disease control is also advisable since early onset and disease severity may be regarded as risk factors for the so called "atopic march", i.e., the subsequent development and persistence of asthma and allergic rhinitis [11] . The term "atopic march" was coined to indicate that, based on the time of onset, skin involvement seems to predispose to the development of these other atopic diseases [7, 12] . Given the chronic nature of the disease, topical treatments for AD also need to be convenient to apply, safe and well tolerated. Educational courses should be offered to patients in addition to the treatment, given that these programs can improve the long-term management of AD [13] . Several treatment options are currently available for AD patients. Standard basic therapy for all AD patients involves optimal skin care and the identification and avoidance of trigger factors [1, 3, 7] . Emollients are the current mainstay for maintenance therapy of AD. They help to restore the impaired epidermal barrier function and thereby improve eczema and pruritus [1, 3, 14, 15] . Anti-inflammatory treatments for AD include topical corticosteroids (TCSs) and topical calcineurin inhibitors (TCIs) [3] . Due to their broad anti-inflammatory actions, TCSs have been the cornerstone of topical AD therapy for the past 50 years and are recommended for treating disease flares [3, 16] . More recently, two TCIs have become available for AD treatment [3, 14] . Pimecrolimus 1% cream is indicated for the treatment of patients aged 2 years and over with mild-to-moderate AD where treatment with TCSs is either inadvisable or not possible. Tacrolimus ointment is indicated in moderateto-severe AD in patients aged 2 years and over who are not adequately responsive to or are intolerant of conventional therapies such as TCSs; the 0.1% ointment is for adolescents over 16 years and adults, whereas the 0.03% ointment can be used for children 2 years and older. TCIs have a more specific mode of action than TCSs. They selectively inhibit activation of T cells and mast cells and suppress the production of pro-inflammatory cytokines as well as other mediators of inflammation and pruritus [17, 18] . Severe AD requiring UV therapy or treatment with immunomodulating drugs is not the focus of this paper [19] . The purpose of this review article is to evaluate clinical data on the use of pimecrolimus 1% cream in the management of mild-to-moderate AD in relation to the current medical needs of patients and in comparison with other topical AD treatments. On the basis of this review of published data and the clinical experience of the authors, a new practical algorithm for the treatment of patients with mild-to-moderate AD with pimecrolimus is proposed.
Pimecrolimus 1% cream and medical needs for the management of mild-to-moderate AD Reduction in AD flares
A distressing feature of AD is its chronically relapsing course characterized by eczema and pruritus. These disease flares have a major impact on various aspects of an AD patient's life, affecting school or work performance and productivity, disturbing sleep and altering self-esteem, mood and the ability to establish and maintain relationships [20] . Indeed, a survey has shown that most AD patients are either always or sometimes worried about their next AD flare [20] . Short courses of TCS therapy are commonly used as reactive first-line treatment for overt AD flares until the acute inflammation subsides [1, 3, 7, 21, 22] . Several studies have demonstrated that early treatment with pimecrolimus at the first signs or symptoms of AD can reduce the progression to disease flares and increase the interval between flares both in patients with or without active disease [23] [24] [25] [26] . For example, there was a 50% reduction in the mean number of flares over 6 months (0.84 vs. 1.68, p<0.0001) with pimecrolimus versus vehicle in children and a 30% reduction in adult patients (0.97 vs. 1.39, p = 0.0014) with mild or moderate AD who were clear or almost clear of active skin lesions at study entry and who applied medication at the first signs and/or symptoms of new exacerbations. In both studies, the median time to first flare was three times longer with pimecrolimus (children: >190 vs. 59 days; adults: >190 vs. 67 days) [25, 26] . These benefits also translated into a reduction in the need for TCS rescue medication (discussed in the section "Reduction in steroid use" below). Studies have also been carried out to determine whether proactive maintenance treatment with anti-inflammatory agents is able to effectively and continuously control skin inflammation and prevent disease relapses [27] . Maintenance treatment is initiated once lesions have been successfully treated and involves long-term application of anti-inflammatory treatment to previously affected areas of skin [3] . The rationale for these investigations is that there is barrier dysfunction and subclinical inflammation even in normal-looking, non-lesional skin [4] . Although studies have shown that maintenance therapy with TCSs after the patient's AD has been stabilized may be beneficial for the prophylaxis of AD flares, TCSs are not recommended for long-term maintenance therapy due to the potential side effects associated with their chronic use (see section below "Other safety considerations") [14, [28] [29] [30] [31] [32] . Proactive maintenance treatment with pimecrolimus has been shown to be safe and to effectively prevent AD disease flares [33] . A total of 268 children and adolescents with AD, who achieved disease remission or a decrease in the Investigator Global Assessment score of at least one point after open-label treatment with twice daily pimecrolimus for up to 6 weeks, were randomized to either once or twice daily pimecrolimus maintenance treatment for up to 16 weeks. During the open-label period, approximately half of the patients achieved disease remission and during maintenance treatment only a minority of patients in each treatment group had a disease relapse, defined as worsening of AD to a level where the use of TCS was needed The time to disease relapse was not significantly different between the two groups (adjusted hazard ratio 0.64; 95% CI 0.31-1.30; p = 0.216) [33] . On the basis of these findings, the authors proposed that a once daily maintenance regimen of pimecrolimus following successful treatment of an initial AD exacerbation was sufficient to prevent subsequent disease flares.
Rapid relief of pruritus
Persistent and intense pruritus is the most important clinical symptom in AD and may indicate impending AD flares. Pruritus may lead to sleeplessness and stress for both patients and their families [14] . Itching can lead to scratching which may further damage the disrupted skin barrier, resulting in additional inflammation and subsequent worsening of itching. As a consequence, a vicious itch/scratch cycle is initiated. Intense or sustained scratching can cause erosions and secondary infections. Reducing pruritus is therefore of paramount importance and, if done rapidly, may also improve compliance with treatment. The cytokine, interleukin-31, which is produced by Th2 lymphocytes, has recently been identified as an important mediator of pruritus [34, 35] . This suggests that the TCIs, which selectively inhibit T cell activation and cytokine production, may be more effective at relieving itching than other antipruritic therapies such as antihistamines. Clinical investigations in both adults and children with mild-to-moderate AD and moderate/severe pruritus have shown that pimecrolimus rapidly improves pruritus within 48 hours of treatment being initiated [36, 37] . For example, in a study of 198 adults, more than half of pimecrolimustreated patients (56%) had absent or mild pruritus within 48
hours, a significantly greater proportion than for vehicletreated patients (34%, p = 0.003) and the significant difference between the treatment groups was maintained until the end of the 7-day study [36] . These data are supported by results from real-life studies involving over 10,000 patients which have also demonstrated a marked and rapid improvement in AD-related symptoms with pimecrolimus in daily practice [38] [39] [40] . In a comparative study of pimecrolimus 1% cream and tacrolimus 0.03% ointment, a slightly greater proportion of children and adolescents with moderate AD treated with pimecrolimus had absent or mild pruritus four days after treatment had started. However, the difference between the treatments was not statistically significant (62% vs. 49%, respectively, p = 0.182) [41] .
Improvement in quality of life
AD has a major impact on the lives of patients and their families [6, 42, 43] . Studies have shown that this condition affects everyday activities including school, work and social relationships and that AD patients may experience anxiety, depression and other psychological problems as a result of being affected by this stigmatizing skin condition [42] . The intense pruritus that continues during the day can worsen at night, leading to sleeplessness in over 60% of patients, which in turn can lead to fatigue and impaired functioning [42, 44] . [46] . Limited data exist which compare QoL outcomes between TCIs and TCSs. The results of one 4-month observational study showed that 77% of pimecrolimus-treated patients reported an improvement in QoL compared with 42% of TCS-treated patients [49] .
Maintenance of treatment adherence
Since patients with AD have to regularly treat their skin for several years, AD therapies need to encourage good compliance in addition to providing adequate efficacy. Maintaining treatment adherence is essential in ensuring the success of the regimen. Factors that may influence adherence include formulation characteristics and handling properties of the treatment. A comparison of pimecrolimus and TCSs in a large observation study of 3,200 patients showed that patients preferred pimecrolimus to TCSs with around two times as many patients considering that pimecrolimus was easy to apply compared with TCSs [49] . Safety and tolerability issues also affect adherence to treatment regimens. Corticophobia is a known issue associated with the use of TCSs and leads to suboptimal treatment in many patients [14] . Studies have shown that over 70% of [50] [51] [52] [53] . Further details on the safety of topical anti-inflammatory therapies for AD are provided in the section below, "Other safety considerations".
No induction of skin atrophy or impairment of epidermal barrier
AD treatments should not induce skin atrophy and should not impair the already altered epidermal barrier, in order to prevent penetration and permeation of irritants and allergens. Long-term use of TCSs can cause skin atrophy, mainly as a result of inhibition of fibroblast function and a subsequent reduction in the production of collagen [54] . In contrast, pimecrolimus has a more selective mode of action and does not induce skin atrophy as it has no effect on fibroblasts at clinically relevant concentrations [55] . The results of several clinical studies have confirmed that, unlike TCSs, pimecrolimus is not associated with the development of skin atrophy or impairment of the epidermal barrier. A randomized 4-week clinical study showed that both triamcinolone acetonide and betamethasone-17-valerate induced a significant reduction in skin thickness compared with pimecrolimus of 12.2% and 7.9%, respectively (p<0.001) with significant differences appearing after only eight days of treatment [56] . Another 6-week clinical study showed that pimecrolimus may reverse TCSinduced skin atrophy with a significantly greater proportion of pimecrolimus-treated patients experiencing improved skin atrophy than those treated with vehicle (46.5% vs. 17.6%, p = 0.002) [57] . A further 3-week study showed that the epidermal barrier was improved upon pimecrolimus treatment but not with betamethasone-17-valerate. Regular and continuous extracellular lipid bilayer structures were observed in the stratum corneum after treatment with pimecrolimus, whereas the skin barrier structure and lipid bilayer formation were highly irregular after betamethasone-17-valerate [58] . Recent data suggest that pimecrolimus may be able to restore the epidermal barrier by its effect on the expression of genes, which are essential for normal skin barrier function, whereas TCSs have an overall less favorable impact on these genes (table 1) [59, 60] . For example, betamethasone-17-valerate, in contrast to pimecrolimus, was shown to cause a significant reduction in the expression of involucrin and small proline-rich proteins (which bind to ceramides) in skin samples from AD lesions [60] .
Treatment of sensitive skin areas
AD commonly occurs in thin and sensitive areas of skin, such as the face (eyelids, perioral region), neck, genital area, axilla region and inguinal folds. Given that TCIs do not cause skin atrophy, they are particularly useful for the treatment of AD in such areas and are recommended as first-line therapy in these areas by European guidelines [1, 3, 61] . An additional benefit of TCIs for the treatment of eyelid dermatitis -which affects around 80% of patients -is that they are not associated with an increased risk for cataracts or glaucoma [57] . Several randomized clinical trials and real-life studies involving over 3500 patients have shown that pimecrolimus is highly effective for the treatment of facial dermatitis in both adults and children [38, 57, [62] [63] [64] . Accordingly, a significantly greater proportion of adults were cleared or almost cleared of facial AD (47% vs. 16%, p<0.001) and achieved clearance of eyelid dermatitis (45% vs. 19%, p<0.001) after 6 weeks of treatment with pimecrolimus compared with vehicle [57] . Similarly, six weeks of pimecrolimus treatment in children led to a greater proportion of patients being cleared or almost cleared of facial AD compared with vehicle (74.5% vs. 51%, p<0.001) [62] .
The results of a comparative study of pimecrolimus 1% cream and tacrolimus 0.03% ointment in pediatric patients with moderate AD suggested that pimecrolimus might be more effective for the treatment of the head and neck area. There was a 54% reduction from baseline in the proportion of the head and neck area that was affected by AD with pimecrolimus compared with a 35% reduction with tacrolimus, although the difference between the treatments was not statistically significant [41] .
Reduction of skin infections
AD patients are known to be more susceptible to bacterial, fungal and viral skin infections than those without the disease [65, 66] . Due to the impaired epidermal barrier function and the decreased expression of antimicrobial proteins in acute eczema, the epidermis is colonized at a high rate with microorganisms such as Staphylococcus aureus which is the most common bacterial pathogen [67] . Recent research has shown that there is a decrease in the normal diversity of the skin microbiome during disease flares, ultimately leading to an increase in the levels of S. aureus [9] . Treatment that is associated with an improvement of eczema results in a restoration of the diversity of the skin microbiome [9] . The potent anti-inflammatory actions of TCSs may increase susceptibility to bacterial, viral, and fungal infections with findings from animal models showing an impairment of the function of dendritic cells and a marked decrease in antimicrobial peptide expression [68] [69] [70] . Unlike TCSs, pimecrolimus does not affect the function of dendritic cells. Furthermore it may enhance the expression of antimicrobial proteins in keratinocytes and increase their capacity to inhibit the growth of S. aureus [69, 71] . Accordingly, the use of pimecrolimus is not associated with an increase in the risk of skin infection. The results of a clinical study showed that half as many patients who were treated with pimecrolimus for 12 months experienced skin infections compared with TCS-treated patients (15.4% vs. 29.7%) [72] . These data are supported by those from a real-life study which showed a lower rate of skin infections in patients treated with pimecrolimus over a 6-month period than the rate that would be expected in patients with AD (table 2) [38] . Treatment with short-term topical antiseptics or systemic antibiotics/antivirals is necessary when skin infections do occur, depending on the severity and distribution of the disease [3] .
Other safety considerations
The safety of AD treatments is of particular importance given that the chronic and relapsing nature of the disease means that therapy will need to be regularly applied over many years.
The side effects associated with TCSs depend on the specific TCS used, its potency and the site of application and they are considered to be related to the unspecific mode of action of these anti-inflammatory agents [73, 74] . Local side effects associated with prolonged TCS use include atrophy, striae, petechiae, telangiectasia and acne [7, 73] . Systemic side effects such as hypothalamic-pituitary-adrenal axis (HPA) suppression are rare and usually restricted to the use of potent or very potent TCSs [3, 7, 73] . The most common side effect with TCIs is transient warmth or a burning sensation at the application site during the first few days of treatment [75] [76] [77] . Accordingly, new data indicate that calcineurin inhibitors may directly affect cutaneous nerves by modulating the function of ion channels such as TRPV1 (transient receptor potential subtype vanilloid 1), initially leading to the release of substance P (SP) and subsequently inhibiting SP re-accumulation. This may explain the initial SP-mediated burning sensation after the application of TCIs, as well as the subsequent anti-pruritic activity [78, 79] . The important role of SP as a mediator of itching in AD is further supported by the finding that targeting the receptor for SP (neurokinin receptor 1 (NRK1)) with aprepitant, a specific NKR1 inhibitor, leads to a significant improvement of pruritus in AD patients [80] .
The local application site reactions associated with TCIs are less common and of shorter duration with pimecrolimus compared with tacrolimus, which may help to improve compliance with the treatment. In a study of 141 pediatric AD patients, the incidence of erythema/irritation at day 4 of treatment was significantly lower with pimecrolimus 1% cream compared with tacrolimus 0.03% ointment (8% vs. 19%, p = 0.039). Furthermore, significantly fewer pimecrolimus-treated patients experienced these side effects for more than 30 minutes compared with those treated with tacrolimus 0.03% ointment (0% vs. 85%, p<0.001) [41] . Due to their higher molecular weight and lipophilicity, TCIs penetrate much less through the skin than TCSs and so have a much lower risk of systemic side effects [75, 81] . Pharmacokinetic studies of pimecrolimus have shown minimal systemic exposure irrespective of age and disease extent [82] [83] [84] . Comparing the TCIs, pimecrolimus is 8-fold more lipophilic than tacrolimus, which increases its affinity for the skin and leads to 10-fold lower permeation through the epidermis, resulting in much lower systemic exposure [81, 85] . This lower systemic exposure with pimecrolimus may ultimately result in a more favorable safety profile compared with tacrolimus. Long-term clinical and epidemiological studies have shown that pimecrolimus is not associated with an increased cancer risk, possibly due to a lack of systemic accumulation [75, 86] . For example, a nested case-control study of a cohort of 293,253 patients with AD, 294 of whom developed lymphoma, showed that the risk of lymphoma was not increased in patients treated with either pimecrolimus (odds ratio: 0.8; 95% CI: 0.4-1.6) or tacrolimus (odds ratio: 0.8; 95% CI: 0.4-1.7). In contrast, the risk of lymphoma was increased in patients taking oral steroids (odds ratio: 1.5; 95% CI: 1.0-2.4) [87] . In addition, a recent study demonstrated that the incidence of lymphoma in patients being treated with pimecrolimus is 54-fold lower than in the general US population [88] . Although there have been anecdotal reports of cutaneous lymphoma in patients being treated with a TCI, it is considered that these patients may have been misdiagnosed with AD and may have actually had a pre-existing cutaneous lymphoma [89] . Furthermore, there is currently no evidence that the topical use of calcineurin inhibitors such as pimecrolimus is associated with an increased risk for the development of melanoma or non-melanoma skin cancer [90] .
Reduction in steroid use
Another potential benefit of TCIs is their steroid sparing effect. Although TCSs remain the mainstay of AD treatment, the side effects associated with their prolonged use can result in reluctance towards their use, which may in turn lead to non-compliance with the therapeutic regimen and consequent treatment failure [20, [50] [51] [52] [53] . In addition, many AD patients will have co-morbidities such as asthma and allergic rhinitis, which also need corticosteroid treatment [11, 91] . Clinical investigations and real-life studies of short and long-term intermittent use of pimecrolimus in children and adults have consistently reported a reduced requirement for TCSs [23] [24] [25] [26] 38] . This steroid sparing effect is illustrated by the results of a study in 713 children with AD who received pimecrolimus or vehicle at the first signs or symptoms of an AD flare. Over 12 months, 57.4% pimecrolimus-treated patients did not require TCS therapy to control a disease flare compared with 31.6% of vehicle-treated patients [24] . In addition, a 5-year open label comparison of pimecrolimus 1% cream and low to medium potency TCSs in infants aged 3-<12 months with mildto-moderate AD (the "Petite study") has demonstrated that the two treatments have similar efficacy, although pimecrolimus was associated with a substantial steroid sparing effect (Data on file, Meda).
New AD treatment algorithm
In order to guide physicians involved in managing patients with mild-to-moderate AD, the authors developed a new algorithm for the treatment of this disease with pimecrolimus, based on the data discussed in this article and their own clinical experience ( figure 2) . The authors also recommend general skin care measures for all patients, such as bathing in lukewarm water for 5 minutes each day or every other day, as this will assist in hydrating and cleansing the skin as well as removing crusts and/or scales [3] . Moisturizers and emollients should be applied liberally after patting
Acute mild-to-moderate AD Children, adolescents and adults
First line therapy:
At first sign of flare up:
• Pimecrolimus 1% twice daily until disappearance of signs and symptoms [25, 26] Stop pimecrolimus 1%:
Emollients as often as necessary • Pimecrolimus 1% once daily 7 days a week up to 3 months [33] or less frequently (depending on physician advice*) to the previously affected skin [14] • Emollients as often as necessary on normal-appearing skin [14] First line therapy:
• Pimecrolimus 1% twice daily to all affected areas at the first signs or symptoms of AD and until their disappearance [38] • Emollients as often as necessary [3] Upon improvement of eczema and pruritus:
• Pimecrolimus 1% twice daily to all affected areas at the first signs or symptoms of AD and until their disappearance [38] • Emollients as often as necessary [3] • Clean the skin properly to remove crusts and/or scales [3] • Antibacterial/antiseptic or systemic antibiotics as necessary • TCS until signs and symptoms disappear
Continuous mild AD
Children, adolescents and adults
Infected AD
(odour, oozing, pustules) the patient's skin dry with a towel to prevent moisture loss and skin drying [3] . The authors strongly recommend that patients should be regularly assessed in order to evaluate the efficacy and tolerability of treatment.
In the current treatment algorithm, pimecrolimus 1% cream twice daily is recommended as a first line therapy for patients with established, continuous, mild AD, at the first signs and symptoms of disease. This is based on data from real-life studies of pimecrolimus, which, for example, have shown an improvement in Investigator Global Assessment scores within one week of initiating treatment in 43% of patients with mild disease [38] .
In patients with acute mild-to-moderate AD, TCSs twice daily are recommended for the first 3-4 days to rapidly reduce inflammation. Following this, TCS and pimecrolimus 1% cream should each be used once daily, or pimecrolimus 1% cream can be initiated twice daily after stopping treatment with the TCS. This recommendation is based on the clinical experience of the authors. Once the patient's eczema and pruritus have improved, pimecrolimus 1% cream twice daily is recommended until the signs or symptoms disappear. For patients with relapsing AD, pimecrolimus 1% cream should be applied as maintenance therapy to the previously affected skin following complete resolution of lesions, either once daily for seven days a week for up to three months or less frequently, depending on the advice of the treating physician. The former regimen was shown to effectively prevent subsequent disease flares following successful treatment of active AD lesions [33] . For patients without active disease, early treatment of signs or symptoms of an AD flare with pimecrolimus 1% cream twice daily is recommended since this has been shown to reduce progression to flares, decrease TCS exposure and prolong remission time in this setting [25, 26] . Finally, the authors recommend that patients with infected mild-to-moderate AD should receive short-term topical antiseptics or systemic antibiotics/antivirals as necessary and should continue their TCS until signs and symptoms disappear (figure 2). As previously discussed, patients with AD are more susceptible to bacterial, fungal and viral skin infections and these infections can lead to deterioration of the skin lesions [1, 7, 14] .
Conclusions
AD is a common skin disorder that can have a major impact on a patient's QoL. Treatments for AD need to rapidly control symptoms of the disease, improve QoL and prevent exacerbations. Given the chronic and relapsing nature of the disease, therapies need to encourage good compliance and be well tolerated. Pimecrolimus is recommended in our new treatment algorithm for patients with mild-to-moderate AD following initial treatment with TCSs and may also be beneficial as maintenance treatment for the prevention of disease flareups. Pimecrolimus improves patients' QoL and also has a steroid sparing effect, which is particularly beneficial for patients with co-morbid conditions such as asthma and allergic rhinitis, which are also treated with corticosteroids. Unlike TCSs, pimecrolimus does not cause epidermal barrier dysfunction or skin atrophy and so is suitable for use on sensitive skin areas such as the face and around the eyes and flexures. Compared with TCSs, pimecrolimus has a more favorable safety profile, does not increase the likelihood of skin infections and is preferred by patients. Pimecrolimus is also associated with fewer application site reactions and has a lower systemic exposure compared with tacrolimus. Taken together, these findings suggest that pimecrolimus 1% cream may be considered the drug of choice for the treatment of patients with mild-to-moderate AD in children as well as adults and particularly in sensitive skin areas.
